infant was transferred on an emergency basis to our institution for a higher level of care.
On arrival, MRI and MR angiography (MRA) were obtained to evaluate for an aneurysmal source of the intracranial hemorrhage. A CT angiography study was also done to confirm the presence of a large saccular aneurysm. Both modalities revealed a middle cerebral artery (MCA) bifurcation aneurysm measuring 13 mm in maximum diameter (Fig. 1C ). Pediatric and endovascular neurosurgery consults were obtained. After a management discussion, we proposed to take the patient to the angiography suite and attempt endovascular embolization.
Operation
The procedure was performed by the senior author (E.A.B.) after induction of general anesthesia. No neurophysiological monitoring was used. Access was obtained at the right common femoral artery with a 21-gauge micropuncture needle. Using a Cope wire, a 4-Fr short sheath was exchanged for the needle. A 0.035-in starter wire was then placed through the sheath into the descending aorta. The short sheath was then exchanged for a 65-cm 4-Fr multipurpose tipped Glidecath catheter (Terumo) connected to continuous heparinized flush (4000 U/L) kept at a low rate. A bolus of heparin was not given. Activated clotting times were not monitored. The catheter was then manipulated over the aortic arch over an angled 0.035-in Glidewire (Terumo). The catheter was advanced over the wire into the right common carotid artery. Under roadmap views, the catheter was further advanced into the distal right extracranial internal carotid artery (ICA).
Catheter angiography was used to confirm the anatomical location and dimension of the aneurysm ( Fig. 2A ). An Excelsior SL-10 microcatheter (Stryker Neurovascular) was advanced into the fundus of the aneurysm under high-magnification working views (Fig. 2B) . During the catheterization phase of the procedure, attention was paid to minimizing the total volume (10 ml) of contrast agent used (Omnipaque 300; GE Healthcare). We used plain platinum coils for the embolization phase of the procedure (Target 360; Stryker Neurovascular). We took care to avoid prolapse of the coil loops into the neck of the aneurysm, which might cause occlusion of one of the M 2 trunks of the MCA. The first coil placed into the aneurysm fundus was an 8-mm × 20-cm, complex-shaped coil. Twelve additional coils of gradually decreasing diameter were placed until the aneurysm was excluded from the circulation (Fig. 2C) . Control angiography demonstrated exclusion of the aneurysm from the circulation, except for a small area near the neck measuring approximately 2 mm × 1 mm × 1 mm (Raymond-Roy Class 2). Patency of all parent vessels was demonstrated on control angiography (Fig. 2D) . The procedure was completed and the catheters were removed after a total of 37 minutes of fluoroscopy (both planes). Gentle compression completed hemostasis of the puncture site. Postoperatively, the patient returned to the ICU with intubation. She was extubated shortly thereafter, and she began bottle-feeding without difficulty.
Postoperative Course
The patient was observed in the ICU for 10 days. Normotension and normovolemia were maintained. Daily transcranial Doppler ultrasound and MRA sequences of the brain were used to monitor for vasospasm. This testing indicated only mild vasospasm in the right MCA, which resolved during her hospitalization. While in the hospital, the patient had intermittent left upper-extremity shaking. An electroencephalogram performed at the time demonstrated spikes and waves in the right central region, consistent with the area of restricted diffusion seen in the right MCA distribution on MRI obtained prior to intervention (Fig. 1D) . Fourteen days after the procedure, she was discharged home with equal strength, tone, and movement in bilateral upper and lower extremities. Antiepileptic medications were continued for her occasional seizure activity. In her 6-month follow-up visit, she was making appropriate developmental milestones but still had rare flexion and extension spasms while on anticonvulsant medication. Repeat MRA and catheter angiography at her 7-month follow-up showed complete occlusion of a previously embolized large right MCA aneurysm (Raymond-Roy Class 1) with preservation of the parent vessels ( Fig. 3A and B ). An MRI study of the brain showed volume loss in the right hemisphere, probably secondary to the prior injury from the SAH (Fig. 3C and D) . At the 10-month follow-up visit, she continued to do well and had met all developmental milestones. Although she was still receiving antiepileptic drugs, her seizure activity had ceased. 
Discussion

Etiology of Lesions
Saccular aneurysms in infants are extremely rare, so much so that Stehbens in the classic work published in 1972, Pathology of the Cerebral Blood Vessels, doubted their existence. 31 Large autopsy studies done at that time had failed to find a single one, leading the author to suggest that intracranial aneurysms must be an acquired abnormality. Nevertheless, over the ensuing years, case reports such as ours have demonstrated unquestionably the existence of saccular aneurysms in the neonate and young infant. Nevertheless, the problem of their etiology remains unanswered because the literature remains heterogeneous with respect to aneurysm type, predisposing factors, and extent of follow-up.
We focused our review on ruptured saccular aneurysms in infants less than 3 months old. We found 26 surgically treated cases clearly documented in the literature, 8 of which (including ours) were treated endovascularly (Table  1) . In this group, the MCA (18 of 26) is the most common location, although not all of these aneurysms occurred at the bifurcation. For example, the report by Rana et al. from 2007 describes 2 cases of distal saccular MCA aneurysms treated endovascularly. 26 The other aneurysm locations found in our review, such as cavernous ICA, anterior cerebral artery (ACA), or posterior inferior cerebellar artery (PICA) are minimally represented. The embryological development of intracranial vessels may explain why the majority of infants with aneurysms have them near the MCA, because it and the ICA develop earlier and receive more blood flow than other vessels in the cerebrum. 40 In 1978, Grode et al. performed pathological examinations on the walls of 2 neonatal aneurysms; both showed findings similar to adult aneurysms, with disruption of the arterial layers and thinning of the wall. 9 Although connective tissue disorders (such as EhlersDanlos syndrome or Marfan syndrome) and other hereditary factors (sickle cell anemia, polycystic kidney disease, neurofibromatosis Type 1) are frequently mentioned as predisposing causes in the pediatric aneurysm population, none of the patients in the literature on treated neonatal aneurysmal SAH had one of these conditions. 3 Many authors have speculated that birth-related or perinatal trauma (accidental or deliberate) may also cause aneurysms or precipitate a rupture. 22 However, in most cases in our review, no clear traumatic event had occurred.
Patient Presentation
Infants with aneurysmal SAH present in different ways, but abrupt neurological decline and seizures are common. 34 The most common presentation of SAH is acute loss of consciousness, as seen in our patient. 37 Subarachnoid hemorrhage is easily detected with CT imaging of the head. Because this directs a high level of radiation to the developing brain, Tekkök and Ventureyra (1997) argue that transfontanelle cranial ultrasonography should be the first investigation in neonates; it demonstrates the location and size of the hemorrhage, the degree of hydrocephalus, and may show the aneurysm itself. 32 To confirm the findings on ultrasound or CT, an MR image or MR angiogram of the head should be ordered before a CT angiogram, to limit radiation exposure. 39 Catheter angiography, typically via the transfemoral route, poses higher than average risks in the neonate and infant, and is probably best done as a confirmatory study or with an intent to treat endovascularly. Keeping the volume of contrast and the dose of iodine to a minimum is reasonable, given the risk of kidney injury.
Treatment: Microsurgical Versus Endovascular
Early series and case reports demonstrated that the mortality was high in cases of ruptured aneurysm occurring in infants in which patients were only supported medically. 17 Table 1 summarizes the results of our review of infants less than 3 months old who were treated either by microsurgical clipping or endovascular intervention for a ruptured saccular intracranial aneurysm. The degree of impairment and the length of follow-up are variable. In both the clip ligation group and the endovascular group, some degree of neurological impairment is common during the follow-up period, when it is reported.
In most centers, endovascular approaches with detachable platinum coils are now viewed as a first-line treatment for adults with ruptured intracranial aneurysms, although aneurysms of the MCA are still often treated with open surgical clip ligation. In one review, the authors suggested that open surgical clipping may be favorable for children because of better durability; however, from our review it is not clear that either superior benefit or durability can be argued for one treatment modality or the other. 12 Certainly, endovascular treatment has the advantage of less blood loss and less surgical trauma.
From the 8 cases in the literature (including this patient) illustrating coil embolization of ruptured aneurysms in infants less than 3 months old, we see an average followup of 12.5 months. 5, 7, 12, 26, 28, 29 Although each case report has shown stable or improved patient outcomes at follow-up, the durability of a coil construct in an infant for more than 36 months is unknown. 26 However, at least in adults, stable or improved angiographic results at the 6-month follow-up tend to predict an excellent long-term result.
35
Sequelae of Rupture
Regardless of whether microsurgical clipping or endovascular coiling is used to treat a ruptured aneurysm in an infant, Proust et al. (2001) have suggested that the main determinant of outcome is the initial SAH itself. 25 All patients with SAH are susceptible to delayed cerebral ischemia from vasospasm. In addition, the pediatric brain in particular is susceptible to developing other complications such as seizures if an area of the brain becomes injured. 24, 30 Our patient developed focal epilepsy, and the MRI study of the brain before treatment revealed a small right MCA distribution infarct (Fig. 1D) . Subsequent electroencephalography confirmed the presence of epileptic activity arising from the right hemisphere.
Conclusions
Neonatal ruptured aneurysms are rare, and the exact cause is unknown. Currently, both endovascular and microsurgical treatments are valid options, each with special challenges. Until recently, microsurgical clip ligation was favored in the pediatric population of patients with aneurysms because of the technical challenges of angiography and embolization in neonates and a perceived reduced risk of recurrence compared with coil embolization. However, in a recent large-scale longitudinal study, Vanzin et al. (2012) showed that, at least in adults, if there is excellent occlusion by coil embolization at 6 months, then the chances of future recurrence are low. 35 Nevertheless, in the neonatal age group it is hard to predict what might develop in the future, given the effects of maturation and a possible underlying genetic predisposition to aneurysm formation. Therefore, we recommend that MRA of the brain be performed every 6 months for the first 2 years after treatment, followed by yearly MRA of the brain. If an abnormal MR angiogram of the brain is obtained at any of these intervals, follow-up catheter angiography and possible retreatment should be performed. The durability of endovascular treatment will become clear as more centers report the long-term follow-up of these unusual patients. 
